(Ig) and secreted them into culture supernatants (Tsuchiya et al. 1980) , suggesting that a very small number of B cells (<0.1%) capable of producing Ig after transformation by EBV might be present in peripheral blood of most CAG patients.
Recently, Fu et al. (1980) have reported that LCL resembling pre-B cells and other possible precursor cells of B cells have been established from EBV infected bone marrow cells of CAG patients suggesting that precursor B cells without Ig synthesis and pre-B cells without surface Ig (slg) could be transformed by EBV, giving rise to LCL which retain the characters of their cell origin, although the target cells for EBV were considered to be B cells with C3d receptors and slg (Yefenof et al. 1976 ; Katsuki et al. 1977) . In this study we have established LCL with characteristics of precursor B cells from CAG patients, and demonstrated that the LCL established had more diverse patterns of Ig expression than those reported previously.
MATERIALS AND METHODS

Patients
Four boys with CAG (M.O., O.S., K.Ko. and S.Ta.) aged 6 to 14 years were included in this study and immunological data of these patients were described elsewhere (Tsuchiya et al. 1980 ). Diagnosis of CAG was based on the following criteria: 1) a history of early onset of infection, 2) almost undetectable serum Ig levels, 3) lack of circulating B cells with slg, 4) normal lymphocyte-proliferative responses of phytohemagglutinin and concanavalin A (Con A), and 5) positive delayed type hypersensitivity reactions to Candida and dinitrochlorobenzene. Pre-B cells were present in bone marrow cells from all the four patients. Since the families of the patients were small, no definite history of X-linked inheritance was proved in any.
Establishment of LCL
Bone marrow mononuclear cells were separated by Ficoll-Hypaque gradient centrifugation. After washing three times with Hanks' solution, adherent cells were removed from the mononuclear cells by passage through Saphadex G-10 columns (Ly and Mishell 1974) . Infection of the fraction of nonadherent cells with EBV and initiation of cultures were carried out as described previously (Tsuchiya et al. 1980 (Tsuchiya et al. , 1981 . Culture supernatants of B95-8 cell line were used as the source of EBV. The cells were distributed into Microtest II plates (No. 3040, Falcon, Oxnaru, CA) at a concentration of 6 x 105/0.2 ml/well and 10 to 15 wells were used in each patient. After transformation had occurred, as observed by clumping, acid production, and increased cell number (Miller and Lipman 1973) , the cultures were gradually expanded and subsequently subdivided in plaque bottle cultures, each containing 8 ml of medium.
Antisera
Rabbit anti-human , t, 8, y, a, k and y antisera, fluorescein isothiocyanate (FITC)-conjugated rabbit anti-human u, 8, y, a, K and x antisera, and tetramethylrhodamine isothiocyanate (RITC)-conjugated rabbit anti-human µ antiserum were purchased from DAKO-immunoglobulins (Copenhagen, Denmark).
No cross reactivities were demonstrated among these antisera by Ouchterlony's method.
Monoclonal murine antibodies to human Ia-like antigen and common ALL antigen were obtained from Dr. H. Saito and Dr. S. Nakazawa, respectively.
FITC-conjugated rabbit anti-Con A antiserum was purchased from E.Y. Laboratories (San Mateo, CA).
Immunofuorescent method
For detection of sIg and cytoplasmic Ig (cIg) direct immunofluorescent staining was generally used (Kumagai et al. 1975; Tsuchiya et al. 1980 ). In some experiments twocolor immunofluorescent studies using FITC-and RITC-conjugated antisera were performed (Yefenof et al. 1976 ). For detection of surface antigenic determinants, such as common ALL, Ia-like antigens and Con A receptors, indirect immunofluorescent staining under noncapping conditions was used. Receptors for peanut agglutinin (PNA) were examined by direct immunofluorescence using RITC-conjugated PNA (E.Y. Laboratories, San Mateo, CA). Detection of EBV-associated nuclear antigen (EBNA) was carried out according to the method of Reedman and Klein (1973 were performed by rosette-formation as previously described (Tachibana and Ishikawa 1973; Tsuchiya et al. 1980 ).
Radioimmunoassay for Ig
Ig secreted into culture supernatants were measured by inhibition radioimmunoassay as previously described (Tsuchiya et al. 1981) . Purified human IgM, IgG and IgA were labeled with 125I (RCC Amersham).
Biosynthetic labeling of Ig and immunoprecipitation
After being cultured for 4 days in RPMI-1640 medium containing 10% fetal calf serum (FCS), cells were washed in leucine-and FCS-free medium and resuspended at 5.0-10 X 106 cells/ml in labeling medium (leucine free MEM containing 10% dialyzed FCS). For internal labeling of cytoplasmic Ig the cell suspensions, following addition of 5 yCi/ml U-14C-leucine (RCC Amersham, 300 mCi/mM), were incubated in a humidified CO2 incubator for 3 hr at 37°C. The cells were washed once with cold phosphate-buffered saline, pH 7.2, and lysed by addition of cold immunoprecipitation buffer containing 0.1 M sodium chloride, 10 mM sodium phosphate buffer (pH 7.4),1% Triton X-100, 0.5% sodium deoxycholate, 0.1 % sodium dodecyl sulphate (SDS), 1 mM phenylmethylsulfonyl fluoride (Sigma, St. Louis, MO), aprotinin (20 yg/ml, Boehringer, Mannheim), 1 mM No -p-tosyl-L-argine methyl ester (Aldrich Chemical Com., Inc., Milwaukee, WIS), and bovine serum albumin (1 mg/ml) (Siden et al. 1981) . In order to eliminate the nonspecific binding of labeled compounds to formalin fixed Staphylococcus aureus bacteria (Zysorbin, Zymed Laboratories, Burlingame, CA), each ml of the cell lysate was treated with 40% (wt./vol.) Zysorbin in immunoprecipitation buffer for 2 hr at 4°C. The cell lysate was centrifuged at 100,000>< g for 1 hr to remove cell debris and Zysorbin. After addition of specific antiserum and subsequent incubation for 16 hr at 4°C, the immune complexes were precipitated with 100 yl of 10% Zysorbin by the method of Kessler (1975) . Precipitates were washed 5 times in immunoprecipitation buffer and resuspended in sample buffer (10 mM tris-HC1, pH 6.8, 6.2 M urea, 2.3% SDS and 5% 2-mercaptoethanol).
Polyacrylamide gel electrophoresis
After heating at 37°C for 3 hr the suspension was centrifuged to remove the Zysorbin (10,000 x g, 5 min). Isotope labeled immunoglobulins were analysed on 10-15% gradient polyacrylamide SDS gels according to the method of Laemmli (1970) . Gels were fixed and fluorographed as described by Bonner and Laskey (1974) , being exposed for periods ranging from 7 days to 4 weeks. For examination of Ig secretion the cells were allowed to incorporate U-14C-leucine for 16 hr, after which culture supernatants were collected and processed for analysis as described above. In experiments using tunicamycin to block the glycosylation of Ig (Tartakoff and Vassalli 1979) , the cells (5.0-10 X 146/ml) were pretreated with l yg/ml and 10 pg/ml tunicamycin (Sigma, St. Louis, MO) in RPMI-1640 supplemented with 0.1% FCS for 90 min (Kloppel et al. 1981) , and the cells harvested were resuspended in labeling medium containing l yg/ml and 10 µg/ml tunicamycin at a concentration of 1 x 10' cells/ml.
RESULTS
Establishment o f LCL from bone marrow cells in GAG patients
Bone marrow aspirates were obtained from four CAG patients and the mononuclear cells were infected with EBV. Within 10 to 40 days the first signs of transformation were observed and it took five to eight weeks to establish the LCL (Table 1) . Then number of LCL established was 8/10 (line K1-K8) in patient K.Ko., 6/15 (line 01-06) in patient OS., 7/10 (line M1-M7) in patient MO., and 7/15 (line S1-S7) in patient S.Ta. On the other hand, when mononuclear cells from peripheral blood were infected with EBV, LCL were established from the cells of three of the four patients (Tsuchiya et al. 1980 (Tsuchiya et al. , 1981 .
I mmunological characterization of the bone marrow-derived LCL from GAG patients SIg and clg of LCL were examined by direct immunofluorescence, and Ig secreted was measured by inhibition radioimmunoassay. The results are shown in Table 2 . Among 28 LCL established from the bone marrow cells of the four patients, 17 LCL (4 from K.Ko., 4 from O.S., 6 from MO. and 3 from S.Ta.) were shown to have neither slg or clg, and not to secrete any class of Ig in the culture supernatants. Lines K4 and 02 were stained for only cytoplasmic µ heavy chains and secreted no Ig. Lines 06 and M5 had cytoplasmic ,u and 8 heavy chains, but neither cytoplasmic light chains nor slg were detectable. Coexpression of ,u and heavy chains in the cytoplasm of each cell was confirmed by two-color immunofluorescent study. These two cell lines did not secrete Ig into the culture supernatants, Line 55 had a unique phenotype. Mu heavy chains without light chain was detected on the cell surface, while in the cytoplasm µ heavy chains were strongly stained but no light chain was demonstrated. By two-color immunofluorescence, all the cells with surface u chains were shown to have cytoplasmic u chains. The cells of this line secreted very small amounts of Ig. The Internal labeling study o f cI g and secreted I g
To confirm Ig synthesis shown by the immunofluorescent study, cells of the cell lines established were labeled with U-14C-leucine and cell lysates were analysed by immunoprecipitation and polyacrylamide gel electrophoresis. Cells of line K4 showed de novo synthesis of µ heavy chains, but no light chain production, being identical with the phenotype demonstrated by immunofluorescence (Fig.  1, lane C) . When specific anti-,u and anti-6 sera were added to precipitate heavy chains from cell lysates of line M5, three polypeptide bands were shown (Fig. 1 , lanes E and F), the largest one being of µ chains while the other smaller ones were identified as chains. No light chains were detected. Cells of line K5 showed biosynthesis of both heavy and A light chains (Fig. 1, lane D) . Ig-heavy chain related proteins precipitated with anti-1 and anti-A chain sera made two bands as demonstrated in line M5 (Fig. 2, lanes D and E) . When antiserum to A chain was used to identify Ig-light chains from cell lysate of line K5, a polypeptide band which moved slower than light chains from common LCL was shown in the gels (Fig. 2, lanes A, B and E) . IgD with larger molecular weights of A chain were secreted in culture supernatants (Fig. 3, lanes C and D) . To investigate whether these large molecules of A light chain were modified by glycosylation in line K5, a glycosylation inhibitor, tunicamycin, was added to the culture system. In control cells producing µ and A chains reduction in the molecular weight of A heavy chain was demonstrated, but no change of light chains (Fig. 4 , lanes A, B and C).
On the other hand, the molecular weight of light chains from cells of line K5 was We have established LCL by infection with EBV with various properties in Ig expression of bone marrow cells of four CAG patients. LCL were classified into 6 types according to their characteristics as summarized in Table 4 . The first type was LCL which appeared to lack Ig gene expression. Sixty percent of the LCL established belonged to this type of LCL. Cells of the second type (lines K4 and 02) had characteristics in common with pre-B cells (Pearl et al. 1978) , which bear only cytoplasmic µ heavy chains. Cells of the third type (lines 06 and M5) had an Ig synthetic pattern similar to pre-B cells, but not only µ chains but also chains in the cytoplasma were expressed in single cells. The fourth type (line S5) bore surface and cytoplasmic ,u chains, but no light chains. Cells of the fifth type (line K5) were identified as producing surface and cytoplasmic ~, A chains, and secreted Ig into culture supernatants. Cells of the last type (lines K3, K6, S3, S6 and S7) Pre-B cells from both mouse fetal liver and bone marrow of a CAG patient secreted cytoplasmic µ heavy chains into culture supernatants (Levitt and Cooper 1980) . It has also been reported that cytoplasmic µ chains in pre-B cells have been predominantly of the secreted type (Kloppel et al. 1981 ). However, in our biosynthetic labeling study and radioimmunoassay of Ig significant amounts of Ig were not secreted in the culture supernatants in lines K4, 02, 06 and M5, in which We also have established pre-B-like cell lines from human fetal liver by infection with EBV (Katamine et al, submitted for publication). Most patterns of Ig expression in these LCL were similar to those in LCL from the bone marrow of CAG patients as described above. These data might indicate that development of B cells in CAG stopped at the level of that in fetal liver. It might be of interest to know whether there are any difference between these two kinds of LCL with different origins, particularly as to the mode in which Ig genes are rearranged.
In conclusion, we have established LCL with the nature of pre-B cells and other precursor B cells from the bone marrow cells of patients with CAG and confirmed the observation of Fu et al. (1980) . However, we have found more variable patterns of Ig expression, especially with regard to the expression of 6 heavy chains, in the LCL established in our laboratory. These LCL constituted useful tools for an examination of the pathogenesis of CAG and for insight into the sequential events of B cell development.
